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Dear Sir or Madam: 

1. Robin Kurfurst, Ph.D., hereby declare that: 

1 . I am a citizen of France. 

2. I currently reside at Avenue de Verdun. F-45S00 St. Jean cle Braye. 

3. 1 am currently an employee of Perfume Christian Dior S.A.. 

4. I am a co-inventor of U.S. Patent Application 1 0/584,982. the above-identified 
application ("the Application"). 

5. 1 have reviewed and understand International Publication No. WO 95/02069 issued to 
Bennett et al. (" Bennett ") and Journal of Biological Chemistry, 1993, Vol. 268: 16:1 1742-1 1749 of Park 
et al. {"Park'*) cited againsl the claims of the Application in the Office Action mailed on June 16. 2010. 



DECLARATION PURSUANT TO 37 C.F.R. $1.132 



6. In particular, 1 understand that in rejecting claims 38, 42-57 and 60-67 in the Office 
Action as obvious in view of Bennett and Park , the Examiner alleges that Bennett discloses a method of 
treating condi i itc d w ith PKC beta expression including administering a composition including 
an oligonucleotide capable of hybridizing with genes or gene products coding for protein kinase C beta- 1 
(PKC beta- J). The Examiner further alleges that Bennett discloses anusense oligonucleotides targeted 
specifically to PKC beta 1 only or PKC beta 2 only. The Examiner acknowledges that Bennett fails to 
disclose that a condition associated with PKC beta expression is depigmentation or hyper-pigmentation. 
The Examiner alleges that Park teaches that PKC beta isoforms are closely associated with 
melanogenesis. The Examiner further alleges that the inhibition of one beta isoform over another is 
obvious in view of the cited prior an references. 

7. The claimed composition, however, achieves results which are unexpected and 
unpredictable in view of the teachings ol By mien and Park . In particular, the instant application 
surprisingly demonstrates that, contrary to the suggestions of Park , the inhibition of PKC beta 1 only is 
sufficient to inhibit melanogenesis ant! thus obtain depigmentation without adversely altering other 

8. The inhibition of PKC beta I only, instead of both PKC beta I and 2, is highly 
advantageous. Indeed, as indicated m the article titled The Use of Antisense Strategy to Modulate Human 
Melanogenesis (2007) by Lazou et al, which is a post-published article of which 1 am a co-author and 
describes the results relevant to the present Application, it is disclosed that in human skin, PKC beta 1 
expression is restricted to melanocytes. See Lazou. page 2. right column, attached herewith as Exhibit A. 
This ensures thai inhibition of PKC beta I does not also inhibit other essential functions in the skin. 

9. In contrast, PKC beta 2 is also expressed in Langerhans cells. See article titled Protein 
Kinase C (ill Plays an Essential Role in Dendritic Cell Differentiation and Autoregulutes Its Own 
Expression (2005) by Cejas et al ("Cejas") attached herewith as Exhibit B. Langerhans cells are a 
particular type of dendritic cell located in the skin, which play the essential role of immune sentinels in 
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the skin. Moreover. Ccjas el al demonstrates that PKC beia 2 plays a crucial role in the differentiation of 
Langerhans cells, 

1 0. By following the combined teachings of Bennett and Park, one of ordinary skill in the art 
would have understood to use antisense oligonucleotides targeting both PKC beta I and 2. which would 
permit depigmentation but would also hamper essential fund ions of the skin. 

11. In particular, while Bennett may suggest oligonucleotides targeting PKC beta-1 only, 
Benflg t t suggests the use of such oligonucleotides for the treatment of diseases associated to PKC beta-1 
only. Specifically, al multiple occurrences in the description, Bennett highlights the importance of 
specifically targeting PKC isozymes associated to the disease (o be treated. See, for example, page 3, 
lines 14-20 and page 5, lines 7-9 of Bennett . 

12. Bennett then discloses oligonucleotides specific for all known PKC isozymes, including 
PKC beta, 'fables 2 to 4 provide oligonucleotides specific for both PKC beta- 1 and PKC beta-2 ( fable 
2), PKC beta-1 only (Table 3), and PKC beta-2 only (Table 4). 

1 3. While Bennett does not disclose any disease associated to PKC beta- 1 and PKC beta-2, 
PKC beta-1 only, or PKC beta-2 only, it is clear from the global teaching ol 'Bennett that the 
oligonucleotides of Table 2 should be used for diseases associated to both PKC beta-1 and PKC beta-2, 
oligonucleotides of Table 3 should be used for diseases associated to PKC beta-1 only, and 
oligonucleotides of Table 4 should be used for diseases associated to PKC beta-2 only. For diseases 
associated to both PKC beta-1 and PKC beta-2, a combination of an oligonucleotide of Tabic 2 with an 
oligonucleotide of Table 4 may be used alternatively. 

14. Park, which only refers to PKC beta without indicating winch isoform of PKC beta has 
been tested, would have been interpreted by one of ordinary skill in the art. at the time the invention was 
made, as involving both PKC beta-1 and PKC bcta-2 in melanogenesis. This is supported by the 
teachings of the document titled The Vtolectuiar Heterogeneity of Protein Kinase C and Its Implications 
for Cellular Regulation ( I 988) to Nishizuka {submitted in the IDS filed on February 5, 
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2008)("Ni.slii/.iik;il"). This document is cited it Bciwicji p '\ ? lines 14-20, and would thus clearly have 
been consulted by one of ordinary skill in the art. 

15. The legend to Figure I of Nishizukal states "[t]he pi and [31] subspecies, which seem to 
be derived from a single messenger RNA by alternative splicing, differ from each other only in - 50 
amino acid residues at their earbox\ -terminal end regions. V,, and even in this area they possess a high 
degree of sequence homology". In view of this statement, one of ordinary skill in the art would have 
concluded that PKC beta- 1 and beia-2 isoibrms most probably have about the same functions, and would 
thus have been incited xiscd on Pad lo i ibi both isuforms foi Iepigmentai . ipplications. 

16 t I ka further mentions, on i f nd paragraph of ih ti ttitlcd 

"Jmin kliwl characteristics" that PKC beta-1 and PKC beta-2 subspecies have undistinguisbable kinetic 
properties in response to stimulation by the same compound. This would further have motivated one of 
ordinary skill m the an not to target PKC beta-1 only. 

17. Nishi/uka also indicates on page 662, right column, that PKC beta-2 is expressed more 
than PKC beta-1 , at least in brain. Furthermore, Table 1 on page 662 indicates that PKC beta-2 is 
expressed in many tissues and cells, while PKC beta-1 is only expressed in some tissues and cells. This 
would also have deterred one of ordinary skill in the an 10 target PKC beta-1 only, since PKC beta-2 has 
higher probability to be expressed in large quantities in melanocytes. 

18. Thus, despite the fact that the prior art would have deterred one of ordinary skill in the 
art from targeting PKC beta-1 only for depigmentation purposes as claimed, I along with my co-inventors 
found unexpectedly that the specific targeting of PKC beta-1 is sufliciont u> inhibit melanogenesis. See. 
for example, the experiments of Fxamples 2-4 in which only oligonucleotides targeting PKC beta-1 are 
used. 

19. Accordingly, even if the teael tigs of lkmncti md Pai ire combined as proposed in the 
Office Action, one of ordinary skill in the art would not arrive at a method of depigmenting or bleaching 
human skin, body hair or hair of a head of a subject by applying a composition capable of specifically 
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hybridising with genes or gene products coding lor protein kinase C beta-] (PK.C beta- 1) and modifying 
expression of only PKC beta-1 as claimed. 

20. I hereby declare that all statements made herein of my own knowledge arc true and that 
all statements made on information and belief are believed to be true: and further lieu these statements 
were made with the knowledge that willful false .statements and the like are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United Slates Code, and that such willful 
false statements may jeopardize the validity of the above-identified application or any patent issued 
thereon. 



Respectfully submitted, 





Robin Kurfursi, Ph.D 
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Abstract 

Background and Objectives: Skin without significant dyschromia is an aesthetic goal of people worldwide. Current op- 
tions for lightening skin could have significant drawbacks. The antisense strategy may be a viable alternative. The re- 
actions in melanogenesis are catalyzed mainly by tyrosinase, tyrosinase-related protein 1 (TRP-1), and TRP-2. Activation 
of tyrosinase is associated with phosphorylation by protein kinase C-BI (PKC-BI) and formation of a complex between 
phosphorylated tyrosinase and TRP-1. The aim of this study was to use 2 antisense oligonucleotides to modulate the syn- 
thesis of the tyrosinase/TRPT complex, PKC-B, or both by interacting with the targeted mRNA, thus whitening skin 
by interfering with melanogenesis at the translational level. 

Methods/Study Design: In the in vitro study, the effect of the antisense oligonucleotides was evaluated by measuring the 
rate at which dihydroxyphenylalanine (DOPA) oxidase transforms L-DOPA to DOPAchrome in the pathway for 
melanin biosynthesis. A reduction in the reaction rate compared to the controls corresponded to a decrease in the en- 
zyme activity and, consequently, to a reduction of the formation of melanin pigments. To evaluate the in vivo lightening 
effect of the antisense oligonucleotides, 30 Asian women volunteers with pigmented spots on both hands applied the test 
product twice daily for 8 weeks. The test product was applied to 2 marked-off areas of the hand: a pigmented spot (to eval- 
uate the effect of the test product on the color of the spot) and a nonpigmented spot area (to evaluate the effect of the 
test product on normal skin pigmentation). The lightening effect was evaluated by comparing chromametric and mex- 
ametric parametets before treatment, after 4 weeks, and after 8 weeks. 

Results: In vitro DOPA-oxidase activity was inhibited by 13% in melanocytes treated with the antisense sequence for 
PKC-BI alone, by 16% with the antisense sequence for TRP-1 alone, and by 36% with the association of 2 sequences. 
The inhibiting effect with both sequences required the specific sequences with nonreversed polarities. In vivo clinical re- 
sults showed statistically significant whitening in both pigmented spots and nonpigmented spots when the test product 
was applied twice daily for 8 weeks by up to 30 Asian women. 

Conclusions: The association of TRP-1 and PKC-fil antisense molecules significantly increased the inhibition of tyrosi- 
nase activity on human melanocytes. Antisense oligonucleotides are a new generation of active cosmetic ingredients that 
offer unprecedented specificity, biological stability, and safety in lightening skin. This is the first report of positive results 
in a cosmetic based on the use of these new active agents. 



Introduction 

Melanin exists as 4 biopolymer pigments, eumelanin, neu- 
romelanin, pheomelanin, and mixed melanin pigment, 
which differ from one another in structure, chemical com- 
position, and physical properties. 1 The optical and chemical 
filtering properties of epidermal melanin protect the skin 
from UV-induced damage. 2 

Melanin biosynthesis (melanogenesis) occurs in the 
melanocytes by a series of enzymatic reactions catalyzed by 
tyrosinase, tyrosinase-related protein 1 (TRP-1), TRP-2, and 
other melanocyte-specific gene products. 5 Tyrosinase is the 
rate-limiting enzyme because it catalyzes the 2 initial reac- 
tions of melanin biosynthesis: 1 ) hydroxylation of tyrosine to 
L-dihydroxyphenylalanine (L-DOPA) and 2) dehydroxyla- 
tion of L-DOPA to dopaquinone. Many chemical agents 
that lighten skin act by inhibiting the activity of tyrosinase. 4 



TRP-1 and TRP-2 are also important. TRP-1 forms a com- 
plex with tyrosinase, thus affecting the activity of tyrosinase," 
while TRP-2 (DOPAchrome tautomerase) protects the car- 
boxyltc acids of melanin. 6 Tyrosinase, TRP-1 , and TRP-2 are 
localized in the melanosomal membranes of cells. 

Tyrosinase activity in melanocytes is modulated by several 
factors. Evidence suggests that activation is associated with 
phosphorylation by protein kinase C-fi (PKC-B) M and sub- 
sequent formation of a complex between phosphorylated ty- 
rosinase and TRP- 1 PKC-B expression was reported to be 
closely associated to melanogenesis" and in human skin 
PKC-BI is restricted to melanocytes. 

For aesthetic and social reasons, women worldwide prefer 
skin without significant dyschromia, localized or diffuse. To 
meet this need, a variety of products to whiten skin have 
been developed, many formulated to reduce melanogenesis 
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by decreasing tyrosinase activity using a structural analog of 
tyrosinase, the natural tyrosinase substrate. 

A well-known example is hydroquinone (HQ), a skin-light- 
ening agent that inhibits tyrosinase. HQ has been used since 
the 1950s in over-the-counter skin-lightening products" and 
is found in a variety of plant-derived food products." Al- 
though its therapeutic efficacy is well established, its current 
clinical use is limited to obtaining generalized depigmenta- 
tion in diffuse vitiligo' 4 because of its potential adverse effects. 

HQ's toxicity and tendency to irritate skin' 3 " " has resulted in 
the European Committee banning its use in cosmetics and 
limiting its availability to prescriptions. In the US, the FDA 
announced in 2006 that on the basis of studies showing some 
evidence of carcinogenesis in rats and mice treated with HQ, 
it "cannot rule out the potential carcinogenic risk from top- 
ically applied hydroquinone in humans." HQ in low concen- 
trations (l%-2%) in skin bleaching creams has also been 
shown to cause ochronosis. In light of these data, the FDA has 
proposed that HQ in skin bleaching products be available only 
by prescription and used only under medical supervision.' 6 

Other plant-derived compounds that whiten skin by modu- 
lating activity of melanogenic enzymes have been reviewed 
in detail." 

In general, depigmenting agents (eg, kojic acid, arbutin, fer- 
ulic acid, and derivatives of dihydroxybenzene, guaiacol, 
and resorcinol) are unstable, induce cytotoxicity, are irritat- 
ing to the skin, or require high concentrations to be effective. 
Hyperpigmentation has been treated with laser devices, 
cryotherapy, chemical peels, and superficial dermabrasion. 
The efficacy and safety of laser treatments are limited by 
laser-induced epidermal trauma and pigmentary alterations." 



The disadvantages of these chemical and physical modalities 
suggest that new skin-lightening options are needed."' 3 

As a therapeutic approach, blocking gene expression at the 
DNA or RNA level through nucleic acid inactivation has 
enormous potential." The advantages of this approach are 
that it mimics a natural mechanism and uses ingredients 
that are potentially not cytotoxic because they are present in 
all living cells, able to interact with a high level of specificity 
with targets and exhibit reversible actions." For these reasons, 
antisense oligonucleotides are strong candidates for more 
specific skin-lightening ingredients. 

Antisense oligonucleotides are small and well-defined syn- 
thetic single-stranded nucleic acid fragments. Their base se- 
quence (the antisense) can be specifically designed to be 
complementary to mRNA (the sense) sequence of the target 
gene of interest. When the antisense sequence binds to the 
mRNA sequence, hybridization occurs, which prevents that 
gene information from causing the synthesis of a protein. 20 - 21 
This concept is illustrated in Figure 1 . 

The aim of this study was to use 2 antisense oligonucleotides 
to modulate the synthesis of the tyrosinase/TRP-1 complex, 
PKC-B, or both by interacting with mRNA. 

Materials and Methods 
In Vitro 

The conversion of DOPA to DOPAquinone in melanocytes 
is a primary reaction in the biosynthesis of melanin. The 
syntheses of tyrosinase, TRP-1, the tyrosinase/TRP-1 com- 
plex, and PKC-fil are also necessary steps in melanin biosyn- 
thesis. The goal of this study was to use two antisense 
oligonucleotides to modulate the synthesis of the tyrosi- 
nase/TRP-1 complex, PKC-BI, or both in cultured human 

Figure 1. Hybridization of sense and antisense sequences prevents the formation of tyrosinase/TRP-1 complex or PKC-BI. The sense se- 
quence is the natural sequence of base pairs associated with the formation of specific proteins. The antisense sequence of the oligonucleotide 
is a complementary strand to the sense sequence. In hybridization, adenine (A) pairs only with thymine (T) and guanine (G) pairs only 
with cytosine (C) respecting the Watson and Crick hybridization scheme. 
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melanocytes. The 2 oligonucleotides would accomplish this 
by interacting with mRNA needed to synthesize the tyrosi- 
nase/TRP-1 complex and PKC-B1. The conversion of DOPA 
to DOPAquinone requires the DOPA oxidase component of 
tyrosinase. The effect of the antisense oligonucleotides was 
evaluated by measuring the rate at which DOPA oxidase 
transforms L-DOPA to DOPAchrome in the pathway for 
melanin biosynthesis. A reduction in the reaction rate com- 
pared to the controls corresponded to a decrease in the enzyme 
activity and, consequently, to a reduction of the formation of 
melanin pigments. 

The first step was to prepare a pure and confluent culture of 
normal human melanocytes to which oligonucleotide se- 
quences would be added. Melanocytes were cultured by a 
standard procedure 15 " and stored in liquid nitrogen until 
used. Before treatment with oligonucleotides, frozen cells 
were thawed at 37°C. The action of the 2 oligonucleotides 
would be measured by their ability to inhibit the activity of 
DOPA oxidase in these cultured cells. 

The normal human melanocytes were separated from culture 
by trypsin and then seeded into a 96-well microtiter plate. 
Treatments were carried out each day for 5 days. For each test, 
two 96-well plates were processed in parallel, one for DOPA- 
oxidase activity and the other for cellular viability testing. 

Determination of Cellular Viability 
Cell viability was monitored to make certain the treatment 
conditions were not cytotoxic. If they were, a reduction in ty- 
rosinase activity due to cell death and not treatment should 
be observed in the melanocytes, thus confounding the results. 

In parallel with the DOPA-oxidase activity measurements, 
cellular viability was measured with the XTT test. XTT is a 
lium salt, sodium 3'-[l-[(phenylamino)-carbonylJ- 
3,4-tetrazoliumI-bis(4-methoxy-6- nitro)benzene-sulfonic 
acid hydrate. 21 In this colorimetric assay, the mitochondrial 
dehydrogenases of viable cells reduce tetrazolium XTT salt to 
water-soluble formazan, which absorbs at 450 nm. The in- 
tensity of the colored product is proportional to the number 
of living cells. 

The test was carried out after 5 days of treatment with dif- 
ferent oligonucleotides. Normal human melanocytes were 
seeded in a 96-well microtiter plate (1.10 4 cells/well). Cells 
were rinsed once with 200 uL PBS per well followed by the 
addition of 100 uL of XTT solution (0.2 mg/mL in E-199 
without phenol red). After the plate was incubated for 3 
hours at 37°C in darkness, the absorbance at 450 nm was 
measured with a spectrophotometer (340 ATTC, STL-Labln- 
strumenr, Salzburg, Austria). 

DOPA-Oxfckse Activity Assay 

The assay is based on the 450-nm absorbance of 
DOPAchrome, the end product formed after the tyrosinase- 
catalyzed oxidation of tyrosine and DOPA. The absorbance 
of the colored product measures the activity of the DOPA- 
oxidase in the tyrosinase-TRP-1 complex. 



Mi nc the assay was performed, cells were rinsed with PBS and 
50 iiL lysis buffer was added to the wells of a microtiter plate. 
Each well contained cells and lysis buffer. The microplate was 
agitated at 4°C for 1 hour. Fifty microliters of L-DOPA (10 
mM, Sigma) were added to each well. The plate was incubated 
at 37°C for 1 hour with stirring while the 450-nm absorbance 
of DOPAchrome was measured (340 ATTC, STL-Lablnstru- 
ment) at 2-minute intervals. The reaction kinetic measure- 
ments were expressed as optical density (OD)/min. For 
standardization, the values were compared to the values ob- 
tained with the technique of the XTT (see next section), 
which represents the quantity of living cells in each well. 

In Vivo 

To evaluate the in vivo whitening effect of a whitening care 
test product containing the antisense oligonucleotides 30 
Asian women volunteers aged 41 to 63 years (mean 55) with 
pigmented spots on both hands applied the test product twice 
daily for 8 weeks under normal conditions of use. The exper- 
iment and data analysis were performed at the Institut d'Ex- 
pertise Clinique in Singapore. The study conformed to the 
standard operating procedures of the Clinical Rese; ■ 
tre, the general procedures of the Institut D'Expertise Clinique 
Singapore, the signed protocol, and the general pnn ,p\ 
the Good Clinical Practices published by the International 
Conference on Harmonisation of Technical Requirements for 
Registration of Pharmaceuticals for Human Use. 

The test product was applied to 2 marked-off areas of the 
hand: a pigmented spot (to evaluate the effect of the test 
product on the color of the spot) and a nonpigmentcd spot 
area (to evaluate the effect of the test product on normal 
skin pigmentation). The pigmented spot was at least 5 mm 
in diameter. 

The in vivo evaluation was based on 1) chromametric meas- 
urements of 2 colorimetric parameters and by determination 
of the individual typological angle and 2) mexametric analy- 
sis of the melanin index on the pigmented spots and non- 
pigmented spot areas. The whitening effect was evaluated by 
comparing chromametric and mexametric measurements be- 
fore treatment, after 4 weeks, and after 8 weeks. 

Chromametric data were obtained with a Chromameter 
CR300 (Minolta, Osaka, Japan) device, which measures 
"L*," a light variable; "b*," a chromaticity coordinate on a 
blue-yellow axis; and the calculation of the individual typo- 
logical angle (ITA°) representative of the skin color. Melanin 
indexes on the pigmented spot and nonpigmented spot area 
were obtained with a Mexameter MX 16 device (Courage & 
Khazaka Electronic Gmbh, Cologne, Germany). 

Homogeneity of variances and normality of distributions of the 
data were checked by the Levene test and the Kom >• i 
Smirnov test, respectively. If variances were homogeneous 
and distributions were normal, differences were analyzed by a 
paired t test (2-tailed); if not, the nonparametric paired 
Wilcoxon test was used. Significance was set at 5% (P<.05). 
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Results 
In Vitro 

To determine the concentration of PKC-BI targeting oligonu- 
cleotide necessary to obtain maximum inhibition of DOPA 
oxidase activity on normal human melanocytes, we treated 
melanocytes daily for 5 days at 250 and 500 nM concentra- 
tions of oligonucleotide. As shown in Figure 2, maximum and 
statistically significant inhibition occurred at 250 nM. These 
results were confirmed in a second experiment. 

The inhibition of the TRP-1 targeting sequence was evaluated 
by treating normal human melanocytes daily for 5 days at 250 
and 500 nM concentrations of oligonucleotide. As a positive 
control, melanocytes were treated similarly with kojic acid at 
75 ug/mL, the maximum noncytotoxic concentration. As 
shown in Figure 3, the 500 nM concentration resulted in sta- 
tistically significant inhibition of DOPA oxidase activity 
compared to untreated cells. These results were confirmed in 
a second experiment. 

To study the association of both oligonucleotide sequences for 
a synergistic effect, we treated normal human melanocytes 

Figure 2. Study of the concentration of PKC-l5I-targeting oligonu- 
cleotide to inhibit DOPA oxidase activity of normal human 
melanocytes. DOPA-oxidase activity is expressed in OD/min and 
is compared to the viability obtained with the XTT test. The as- 
terisk (*) indicates statistical significance (P<.05). PKC = protein 
kinase C; OD = optical density; XTT = a tetrazolium salt used to 
measure cell viability. 
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Figure 4. Study of the inhibition of DOPA-oxidase activity by the 
combination of 2 oligonucleotides targeting the TRP-1 and PKC- 
B. DOPA-oxidase activity is expressed in OD/min and is com- 
pared to the viability obtained with the XTT test. The asterisk (*) 
indicates statistical significance (P<-05). PKC = protein kinase C; 
OD = optical density; XTT = a tetrazolium salt used to measure cell 
viability. 

ill 1 i 
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daily for 5 days with the PKC-BI targeting oligonucleotide 
(250 nM), TRP-l-targeting oligonucleotide (500 nM), or 
both sequences in combination. As a positive control, 
melanocytes were treated similarly with kojic acid at 
75 pg/mL. In addition, oligonucleotides corresponding to 
reversed polarities of TRP-1 (500 nM) and PKC-BI (250 nM) 
were also tested. Since these oligonucleotides cannot hy- . 
bridize on the mRNA sequences of TRP-1 and PKC-BI, they 
should not affect DOPA-oxidase activities. 

As shown in Figure 4, DOPA-oxidase activity was inhibited 
by 13% in melanocytes tteated with the antisense sequence 
for PKC-BI alone, by 16% with the antisense sequence for 
TRP-1 alone, and by 36% with the association ol 2 sequences. 
In contrast, when melanocytes were treated with oligonu- 
cleotides with reversed polarity sequences for TRP-1 and 
PKC-BI, DOPA-oxidase activity was not significantly inhib- 
ited (Figure 5), showing that the inhibiting effect requires the 
specific sequences. By taking advantage of the association of 
both antisense sequences, we achieved a 1 .3 times greater in- 
hibition than with either antisense sequence alone. 



Figure 3. Study of concentration of the TRP-l-targeting oligonu- 
cleotide on DOPA-oxidase activity of normal human melanocytes. 
DOPA-oxidase activity is expressed in OD/min and is compared to 
the viability obtained with the XTT test. The asterisk (*) indicates 
statistical significance (P<.05). OD = optical density; XTT = a 
tetrazolium salt used to measure cell viability. 
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Figure 5. Study of the sequence specificity on DOPA-oxidase ac- 
tivities for TRP-1 and PKC beta-1 oligonucleotides using reversed 
polarity oligonucleotides. DOPA-oxidase activity is expressed in 
OD/min and is compared to the viability obtained with the XTT 
test. PKC = protein kinase C; OD = optical density; XTT = a tetra- 
zolium salt used to measure cell viability. 
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In Vivo 

On the area without a pigmented spot, a statistically signif- 
icant increase in L* was found after 4 weeks (+2%, P=.0l9) 
and 8 weeks (+3%, P<.001) of use. A statistically significant 
increase of the individual typological angle was found after 
8 weeks of use (+15%, P<.001). These results indicate that 
the test product had a lightening effect on the area without 
a pigmented spot. 

On the pigmented spot, a statistically significant increase in 
L* was found after 4 weeks (+2%, P<.001) and 8 weeks 
(+4%, P<.001) of use. A statistically significant increase of 
the individual typological angle (ITA°) was found after 4 
weeks (+13%, P=.003) and after 8 weeks (+29%, P<.001) of 
use (Table 1). These results indicate that the test product had 
a lightening effect on the pigmented spot. 

On the area without a pigmented spot, no statistically sig- 
nificant variation in the melanin index was found after 4 
weeks of use, but a statistically significant decrease was found 
after 8 weeks of use (-0.6%, P<.001), indicating that the test 
product had a lightening effect on the area without a pig- 
mented spot. 

On the pigmented spot, a statistically significant decrease in 
the melanin index was found after 4 weeks (-0.4%, P=.001 ) 
and after 8 weeks (-5%, P<.001) of use, indicating that the 
test product had a lightening effect on the pigmented spot. 

The 1TA° of the test product increases significantly (+29%) 
after 8 weeks of use (Table 1 ). 

Discussion 

To the authors' knowledge, this is the first report of the use 
of antisense oligonucleotides as skin-lightening agents for 
cosmetic purposes. The effect of the antisense oligonu- 
cleotides was evaluated by measuring the rate at which 
DOPA oxidase transforms L-DOPA to DOPAchrome. Quan- 
tifying the amount of DOPAchrome produced by this reac- 
tion at specific time intervals permitted us to calculate the 
reaction rate for DOPA oxidase for each oligonucleotide 
tested and for the controls. A reduction in the reaction rate 
compared to the controls corresponded to a decrease in the 
enzyme activity and, consequently, to a reduction of the for- 
mation of melanin pigments." DOPA-oxidase activity was in- 
hibited by 13% in melanocytes treated with the antisense 
sequence for PKC-BI alone, by 16% with the antisense se- 
quence forTRP-1 alone, and by 36% with the association of 
2 sequences. These in w'rro results were confirmed in an in two 
study of 30 Asian women presenting with pigmented spots. 

The use of antisense oligonucleotides as therapeutic agents 
was first reported by Zamecnik and Stephenson in 1978," 
who synthesized a 13-nucleotide oligonucleotide comple- 
ment to the terminal sequences of Rous sarcoma virus 35S 
RNA, which interfered with viral production. A synthetic 
oligonucleotide can be specifically designed to hybridize a 
corresponding target mRNA. Its main advantage is speci- 
ficity, making it possible to selectively modulate gene ex- 
pression. Other advantages are its biological stability and its 



Table 1. Results after 4 weeks and 8 weeks of test product. 



Parameter 


Before 
Treatment 


4 

Weeks 


8 

Weeks 




1TA° 


20.2 


22.9 


26.1 


S(P<.01) 


Mean%' 




13% 


29% 





'A variation in percentage compared to before application 
ITA° = individual typological angle. 



efficient uptake and accumulation in cells." The most recent 
generation of antisense oligonucleotides is well-tolerated 
and can be safely delivered. 21 Unlike conventional drugs 
that modulate protein function by binding to proteins, anti- 
sense oligonucleotides act upstream by preventing the trans- 
lation of mRNA into proteins." The first antisense 
oligonucleotide to be approved by the FDA targets RNA 
coded by human cytomegalovirus DNA. 19 

Conclusions 

The association of TRP-1 and PKC-BI antisense molecules 
significantly increased the inhibition of tyrosinase activity on 
human melanocytes. Antisense oligonucleotides are a new- 
generation of active cosmetic ingredients that offer un- 
precedented specificity, biological stability, and safety in 
lightening skin. Until now, a gene silencing technique such 
as antisense strategy was the only way to act specifically and 
only on PKC-BI. The in wtro and in vivo clinical results of this 
study are the first reported success in the cosmetic use of these 
new synthetic agents. 
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Dendritic cells (DC) arise from a diverse group of he- 
matopoietic progenitors and have marked phenotypic 
and functional heterogeneity. The signal transduction 
pathways that regulate the ability of progenitors to un- 
dergo DC differentiation, as well as the specific charac- 
teristics of the resulting DC, are only beginning to be 
characterized. We have found previously that activation 
of protein kinase C (PKC) by cytokines or phorbol esters 
drives normal human CD34 + hematopoietic progenitors 
and myeloid leukemic blasts (KG1, KS62 cell lines, and 
primary patient blasts) to differentiate into DC. We now 
report that PKC activation is also required for cytokine- 
driven DC differentiation from monocytes. Of the cPKC 
isoforms, only PKC-0II was consistently activated by DC 
differentiation-inducing stimuli in normal and leukemic 
progenitors. Transfection of PKC-/HI into the differenti- 
ation-resistant KGla subline restored the ability to un- 
dergo DC differentiation in a signal strength-dependent 
fashion as follows: I) by development of characteristic 
morphology; 2) the up-regulation of DC surface markers; 
3) the induction of expression of the NFkB family mem- 
ber Rel B; and 4) the potent ability to stimulate allo-T 
ceils. Most unexpectedly, the restoration of PKC-/3II sig- 
naling in KGla was not directly due to overexpression of 
the transfected classical PKC (a, fill, or y) but rather 
through induction of endogenous PKC-/? gene expres- 
sion by the transfected classical PKC, The mechanism of 
this positive autoregulation involves up-regulation of 
PKC-0 promoter activity by constitutive PKC signaling. 
These findings indicate that the regulation of PKC-0H 
expression and signaling play critical roles in mediating 
progenitor to DC differentiation. 



Dendritic cells are professional antigen-presenting cells of 
hematopoietic origin that play a central role in the initiation 
and regulation of the adaptive immune responses (1-6). Un- 
like most hematopoietic cells that arise by classical divergent 
hematopoiesis, human DC can arise from a variety of differ- 
ent immediate precursors. These include CD34 + and 
CD34*CD86 + hematopoietic progenitor cells (HPC) 1 (7, 8), 
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myeloid progenitors (CFU-M/DC and CFU-DC) (9, 10), pe- 
ripheral blood monocytes (11-13), and immature neutrophils 
(14) in what could be considered "convergent" hematopoiesis. 
In addition to this range of normal progenitors, myeloid leu- 
kemia blasts arrested in all stages of differentiation can be 
driven to undergo DC differentiation (15). On top of this 
[ tyo.pmg nitors the process of differentiation itself 
can give rise to DC that are quite different in both their 
phenotype and function (10), and manipulation of specific 
signal transduction pathways during differentiation can 
Conversely, 

ii t t liter to DC cliff i 

tion in both normal ti.e. wound healing) and pathologic itu- 
mui- >t n<n re.-ukme n-aipp*. in i i le'i i une 
responses (17). 

The intracellular - gn ,) m puthwa • thai regulate progeni- 
tor to DC differentiation are only beginning to be defined. It has 
been well established that specific membrane receptors I'GM- 
CSF, IL-4, TNF-«, FLT3L, CD40, etc.) can be activated in vitro 
by their exogenous ligands to initiate DC differentiation (7, 11, 
18). Downstream of these membrane proximal events, signal 
transduction involving STAT"? (19, 20.. intracellular calcium 
flux (21-24), specific NFkB family members (25), and Notch 
family members (26) has been implicated. However, how the 
various pathway s i , d in i • 1 t mil I i I 

not been well characterized. We have shown previously thai 
[i ase C (PK< tin ; ill i * 

drive human CD34' HPC-»DCd r i t t is a like! 

downstream component of cytokine-mediated differentiation, 
as PKC inhibitors preferentially block DC differentiation in 
human CD34" HPC driven by GM-CSF - TNF-or (27). PKC has 
been shown to be a downstream component of signaling 
through the GM-CSF receptor (.28) and CD40 (29-31) in other 
cell types, and these receptors are also centrally involved in DC 
differentiation. Consistent with a role for PKC in DC lineage 
commitment, we and others have found that direct activation of 
PKC signaling by the 2,3-diacylglycerol (DAG) analogs (includ- 
ing phorbol 12-myristate 13-acetate (PMA) and brynstatin-1) in 
normal CD34 HPC (8, 32. 33) and myeloid leukemic blasts 
(27, 34, 35) specifically generates DC in the absence of cell 
proliferation. Of particular interest is the CD34 ' CD86 mye- 
loid leukemia cell line KG'., which we and others have found 
can be induced to undergo differentiation to fully functional 
dendritic cells that express DC-specific i 
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PKC- (ill in DC Differentiation 



(DC-CK1, DC-STAMP) and have the unique DC ability to cross- 
present antigens to activate T cells (27, 36). More importantly, 
a spontaneously arising differentiation-resistant daughter sub- 
line KG J a has been derived from KG I , and the two cell lines 
differ in both PKC activity and isoform expression (37). 

PKC comprise a family of 12 serine/threonine protein kinases 
clustered into three isoform families as follows: classical cPKC 
(a, j3I, fill (alternatively spliced variants of the PKC-/3 gene), and 
yl that are activated by DAG and Ca 2+ , novel PKCs (8, e, 8, 
and n) that are activated by DAG without Ca 2+ , and atypical 
(t and i) that do not require DAG and Ca 2 * (38). It is clear 
from a wide range of cell types that the different PKCs are 
not functionally redundant, as specific isoforms modulate 
specific biological processes. Adapter proteins that bind spe- 
cific activated PKC isoforms and substrates, such as RACK-1, 
may further refine the biological effect of PKC activation (39). 
Relevant to DC differentiation is the finding that PKC-0 
associates with RACK-1 and the common ji chain of the 
CM-CSF/IL-3/IL-5 receptor, potentially linking cytokine re- 
ceptor signaling to PKC isoform activation (28). Although a 
role lias been demonstrated for both specific PKC isoforms 
(40-42) and PKC signal strength (43) in regulating hemat- 
opoiesis involve 1 P D< 

entiation lias not been described previously. We have now 

tended lies to examine the role and regu- 

lation of specific PKC isoforms in DC differentiation. 

MATERIALS AND METHODS 

ican Type Culture Collection ' Manassas, VA) and cultured as described 
previously (27, 34). CD34* bone marrow hematopoietic progenitor cells 
were isolated from organ donor bone marrow under protocols approved 
by the University of Miami Institutional Review Board, and purified by 
positive selection as described previously (8). Monocytes were enriched 

Progenitor colls w 1 I I MA (10 ng/ml, 

s _ m ,, 1 N 1 ii n ul i 1 - 1 h 1 1 lis MN) for 5-7 
days (27, 34) or with GM-CSF (1000 units/ml) and IL-4 (1000 units/ml, 
bothfiomR&DSis . t ii 1 IN 10 i„ 11 1 1 1. 1 1 . I 1 t 

t ',.r all differentiation cultures, 50% media changes (with 

, s lit 1 111 1 A every 3rd day Where 

1 I , i t 1 1 l\< h 1 1 1 n I i I 

nmde I :5 w.ul. Cell viability was assessed bv trypan blue dye exclusion. 

I i 1 1 c 1 r 1 neovector 

control). , lit- control;, r ( P J I II 1 I F or PKC- 

I , i ] r I II e tiom Clontechj and se- 

loct I for 041 i ist n Fo, PK( pH-GFP single cell clones with 
high or low expression were generated. 

Flow Cytometry— Adherent and nonadherent cells were harvested 
using 3 nm EDTA oral u I i | i I i i 1 ' > u u i 
following inoivvlonal ant.boe.es: H LA- ABC end HLA-DR (both from 
VMRD Inc., Pullman, WA), CDllc, CD14, CD34, CD40, CD80, CD83, 
and CD86 (all from Immunotech, Westbrook, ME). Appropriate isotype- 
niatcheil antibodies wore used as controls. 10,000 live cells were ana- 
lyzed on a Coulter XL flow cytometer (Coulter, Hialeah, FL) using the 
software supplied by the manufacturer. 

For MH( ill 1 md II i t II i lis were cultured in 

, !,, ,1 i < •■ib i'< fuM - >u. ts.nl, R & D Systems) for 72 h. 
i II hi < i . ii i. ill- d i i t ytupeim solution (BD 

, i 1 1 i 1 i i etions, and stained for 

MHC class I and class II expression as above for flow cytometry. 



lell Proi 



--Alios 



.1' ' ' - 1 1 i i4G) and co-cul- 

tered at various ratios with differentiated DC for 72 h. 1 nCi/well 
I 11 u i d d t i tl t .1 1- i t ulti ii u 1 

iOooroorat.on was measured using th,- lieu Plate ..cint.Uation counting 

t n '1 li i . tl i I Mi 1 . . 1 T II il i 

i.n.l.i tt ", .n i 1 ind lonomycin (100 ng/ml) were used 
, |, i dive controls. The data are presented as the mean of triplicate 
wells ± S.D. 



Confocal Fluorescent Microscopy — CD34 ' HPC, monocytes, K562, or 
KG1 were treated as indicated, fixed in tr; paraformaldehyde, perme- 
abilized with 0.1% Triton X-100 in 1% bovine serum albumin, and 
stained th r 1 Ii i„air t pi.ife P'M t , ) Ii I 

ti-PK( clone c-20 K( I 1. r J il si , K( 
(c-19), Santa Cruz Biotechnology Santa in ! 'II 1 : 



econdary antibody (Jackson ImmunoResear 
ether with Texas Red-X phalloidin and TO Pro-3. Cells were im 
onforal microscopy (Zeiss LSM-510). Images of typical mid-cell 



PA. ;,. 



Western Blot— Western blots were performed as described previously 
i Briefly, protein levels quantitated in cell lysates by using the 
, H r „ i 1 In" in ,1 n i s t ) t n u ( p i 
ed by SDS-PAGL 1 Main in u i d. n r, I • 
rocellulosc, and probed with antibodies against Rel B (clone c-19), 
.C-.v (H-7), PKC-/M (E-3), PRC-fill (F-7), and actin (c-2) (all from 
ita Cruz Biotechnology) or PKC-y (Zymed Laboratories Inc.). The 
item- wore cisuabzed by chomilmmooseoni .mtoctior. ''LCI., Ame-r- 



Ekctmmobility Shift Assay (EMSA) — EMSAs were done for NFkB 
fomily membri-s as described previously .127;. Briefly, egonl amounts 

I nor 'or ram . lib B binding sites (GAT CCA ACG 

GCAGGGGAATTCCCC ICTCcr I I 

acrylamide gels. For supershift assays, samples were first incubated 
with anti-Rel B antibody (Santa Cruz Biotechnology). Samples were 
visualized by autoradiography. 

Northern Blot— Northern blot analysis was performed as described 
previously (47). Briefly, total RNA was isolated (RNeasy, Qiagen, Va- 
lencia, CAS nod equalized by serial dilution and cliiidium bromide 
11 I - t i i 

I. . . ii mbranos, and hybridized against PKC-/3II-speeific or glyeorai- 
dehyde-3 phosphate dehydrogenase probes. 

PKC Kinase Assay-l'K< .. , t , 1 I I mined using 

1 IL I i - I Imttii nm i 

structions. Briefly, 7 X 10 s cells each of KG1, KGla, KGla 3.1 (vector 

1 i I ( II r I ii homogenized in 25 n»M 

Tris buffer (pH 7.4) containing 0.5 mM EDTA, 0.5 mM EGTA, 10 raM 
0-mercaptoethanoI, 1 /xg/ml leupeptin, 1 ngfttA aprotinin, and 50 ng/ml 

pin , b,„ ih 1 Mb .i ,1 li mid iiifnl ! •oughaDEAEcolumnina 

5-ml final elute volume. A 5-fi.l aliquot of each sample was incubated in a 

it nciri tog ulciuro peptic! 1 'I |AT? ith md with 

out phospholipids for 5 min at 30 °C, when the reaction was stopped with 
7.5MguamdmoHClbuj w I i I 

and quantified by scintillation counting. PKC actr itii in picora sol 

[lie II 1 i ii 1 

their respective protein content, and expressed relative to the activity of 
the undiluted <iob) KGla cell lysates. 
M - i 

ii , 1 i . 1 i 

Sad and Xbal, and the resulting 1.7-kb DNA fragment containing the 
PKC-/J promoter was cloned into the same corresponding sites in the 
pBlueScript SK.+ vector. The new clone was incubated with NotI and 
blunted before further digestion with Sad to yield a 1.2-kb fragment 
(spanning the region from J 65 to -1092 relative to the start of tran- 
-cnption. that was cloned into the Sad and Smal sites of the pGL3- 
bas-.c vector (Promega, Madison, WI) to yield the reporter 
forward orientation (pPKC-Forward). The promoter in rev< 
tion (pPKC-Reverse! was generated after ligation of the 1.2-kb frag- 

blunted. and cut ' 1 I The ^entity and c 



~!la-PKC-pIi.GFP(E9)c<3 



on with the Nceleofector system 
ermany) using the T-01 program. 
1 i i * - t i ' i 
,i. ' i ,i 



Briefly, 10 x 

with 10 ng of the reporter cons 
plasmid (Promega) encoding Ren 
fection efficiency. Cells were transfected also with the pDsRed2-Cl 
plasmid (BD Biosciences) plus pRL-CMV to normalize the Renilla lu- 
ciferase expr, ... .. l.v.h b.tw.en both cell lines. Twenty four hours 
after transfection, cells were harvested, lysed, and assayed for lucifer- 
ase activity using the Dual-Luciferase Reporter Assay System (Pro- 
mega) according to the manufacturer's instructions. 
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Fio. 1. PKC inhibitors block cytokine-mediated monocyte to DC differentiation. A, morphology. Monocytes were er fron 
volunteers and cultured in media alone (Media) or differentia 1 to m c r i DC 1 ultu n c tokines (GM-CSF + IL-4 + TNF-a 
' t ii i ! lsmdolylmaleimide I (Cytokines + bis). Photomicrographs taken at x200. B, immunophenotype. Ur.dilTeit nti 

ated monocytes and raonocyte-derived DC generated above were stained by the indicated antibodies and analyzed by flow cytometry. Open 
histograms are the isotype controls. C, induction of allogeneic T cell proliferation. Undiffcrentiit med DC were 

generated as above in the absence i M kim resence A) tea + cytokines + Bis) of bisindolylmaleimide, irradiau 1 n 1 

cultured in the absence or presence (+T cells) of 2 x 10° purified normal allogeneic T cells at the indicated ratios. As a positive control, 2 x 10° 
T cells from the same donor were cultured alone with PMA + ionomycin. pH]Thymidine incorporation was measured fo ' ' 



n proliferation ± S.D. of triplicate wells. 



Blockade of PKC Activation Inhibits Cytokine-mediated 
Monocyte-*DC Differentiation — We have shown previously 
that that the PKC-specific inhibitor bisindolylmaleimide I (bis) 
could inhibit cytokine-driven DC differentiation in primary 
CD34 + HPC (27). To assess whether this was unique to CD34 + 
HPC or represented a common role for PKC in downstream 
cytokine signal transduction, we first examined whether bisin- 
dolylmaleimide I could inhibit cytokine-mediated generation of 
dendritic cells from primary human monocytes in vitro. We 
evaluated the effect on three DC characteristics as follows: 
morphology, immunophenotype, and the ability to activate al- 
logeneic T cells. Morphologically, undifferentiated monocytes 
were loosely adherent round cells (Fig. IA, left panel), whereas 
monocytes cultured with GM-CSF + IL-4 + TNF-a differenti- 
ated into clusters of DC (48) (center panel). Inhibition with bis 
resulted in the loss of these clusters (Fig. 1A, right panel), with 



ta are representative of two independent experiments. 

a predominance of adherent spindle-shaped cells. Bis also 
blocked cytokine-mediated up-regulation ul characti Hstii F> 
markers (MHC I and II, CDllc, CD40, CD80, CD86, and CD83) 
while preventing the complete down-regulation of the mono- 
cyte marker CD14 (Fig. IB). The immunophenotype of these 
bis-treated monocytes appeared to be that of activated mono- 
cytes. Functionally, inhibition of PKC activation generated 
cells that were significantly less able to induce allogeneic T cell 
proliferation at all T cell:APC ratios tested (especially at the 
higher ratios) but were more immunostimulatory than undif- 
ferentiated monocytes (Fig. lO. The latter observation would 
also be consistent with the bis-treated cells being activated 
monocytes. Together, these data suggest that PKC activation is 
also a downstream component of cytokine receptor-mediated 
signaling of DC differentiation from monocytes. 

PKC-fill Is Specifically Activated by DC Differentiation Sig- 
nals—To determine which PKC isoform(s) were being activated 
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Fig 2. PKC-0II is specifically activated by DC differentiation 
signals. A, PMA-induced differentiation Purified normal human 
CD34* bone marrow hematopoietic progenitor cells {CD34* HPC), 
K562, and KG1 were stimulated with PMA for the times indicated, 
stained for the indicated PRC isoform (green), actin (red), and the 
nucleus (blue), and imaged by confocal microscopy as detailed under 
"Materials and Moth Is." Dat i ital ffourind ndent 

experiments. B. cytokine-induced differentiation. Primary human 
monocytes were undifferentiated (medio) or cultured in GM-CSF 4- IL-4 
for 24 h and imaged as above. Data are representative of two independ- 
ent experiments. 

during the initiation of DC differentiation, we took advantage 
of the fact that PKC activation results in translocation of the 
enzyme from the cytoplasm to the plasma membrane (49) and 
can be directly visualized by confocal microscopy. We focused 
on the DAG/Ca 2 "-dependent cPKC family (a, 01, 011, and y), as 
we have found evidence for involvement of calcium in PMA- 
mediated DC differentiation (27, 34). In three different progen- 
itors that we have shown previously differentiated to DC in 
response to PMA (primary CD34 + HPC, KGl, and K562), all 
four PKC isoforms are cytoplasmic when cells were unstimu- 
lated (media, Fig. 2A). Within 5-30 min of PMA stimulation, 
only the PKC-0II isoform translocated to the plasma mem- 
brane in all three cell types. Translocation of PKC-0II was also 
seen when primary monocytes were differentiated with GM- 
CSF + IL-4 for 24 h (Fig. 2B). This translocation took some- 
what longer to detect compared with PMA treatment but is 
consistent with the slower kinetics of DC differentiation we see 
with cytokines versus PKC agonists. These findings indicate 
there is immediate/early activation of PKC during DC differ- 



entiation arid that PKC-0II may specifically mediate this line- 
age commitment. 

Restoration of DC Differentiation in KG la Transfected with 
PKC Isoforms — We and others have shown that the human 
CD34 + CD86 + CD14~ myeloid leukemia cell line KG1, which 
has the same phenotype as primary CD34*CD86" t human DC 
progenitors (50), similarly undergoes differentiation in re- 
sponse to cytokines or PMA to dendritic cells that have DC- 
specific molecular expression (e.g. DC-CK1 and DC-STAMP) 
and function (e.g. cross-presentation of antigen) (27, 35, 36, 
51-55). KGla is a less differentiated cell line spontaneously 
derived from KG1 and does not differentiate in response to 
phorbol esters (27, 56, 57). KGla has less overall PKC activity 
and lower expression of (31 and 011 compared with KG1 (27, 37). 
Given our demonstration that PKC-0II activation occurs dur- 
ing KGl differentiation, we next asked if transfection of specific 
PKC isoforms into KGla could restore the ability of these cells 
to differentiate to DC. As seen in Fig. 3A, KGla was stably 
transfected with specific functional PKC isoform-GFP fusion 
constructs (58). Analysis of bulk cultures of the KGla-PKC-011 
transfectants revealed both high and low expressing clones. 
Single cell cloning resulted in isolation of each type of cell. 
Confocal imaging for GFP demonstrated cytoplasmic localiza- 
tion for PKC-ct-GFP, PKC-0II-GFP, and PKC-y-GFP in the 
unstimulated KGla transfectants (Fig. 3B). PKC-u-GFP also 
appears as punctate cytosolic accumulations in unstimulated 
cells, which have been reported previously in NIH-3T3 cells 
(59). The cytosolic localization in unstimulated cells demon- 
strated that the majority of the transfected enzyme was not 
constitutively activated. Following PMA treatment, only PKC- 
0II-GFP underwent significant translocation to the plasma 
membrane. In addition to the plasma membrane, PKC-0II-GFP 
also translocated elongated subcellular structures that ap- 
peared to be contiguous with the plasma membrane on stacked 
views (Fig. 3B, arrow). These results are consistent with our 
findings with the endogenous PKC isoforms and indicate that 
the different PKC-GFP isoforms transfected into KGla behave 
in a similar fashion to the endogenous PKC isoforms in KGl (as 
well as in primary CD34* HPC and monocytes). 

We next assessed the ability of PKC-transfected KGla to un- 
dergo DC Uneage commitment in response to PMA We have 
shown previously in KGl and CD34" HPC that this is charac- 
terized by development of typical DC morphology with extended 
branching dendrites, decreased proliferation and increased cell 
death, acquisition of DC surface markers (MHC I, II, CD40, 
CD80, CD86, and CD83), up-regulation of the NFkB family mem- 
ber Rel B, and the ability to induce allogeneic T cell proliferation. 

Morphology — Recent studies have demonstrated the impor- 
tance of the extended dendrite morphology in the ability DC to 
activated T cells (60). We have found previously that in con- 
trast to the clusters of cells with short dendrites induced by 
cytokine combinations, PMA-induced DC differentiation from 
primary CD34 ' HPC or KGl results in more tightly adherent 
individual cells with longer processes (either spindle shaped or 
branching) (27) as seen in Fig. 4A for KGl (8). Both unstimu- 
lated (media) vector control KGla and PKC-transfected cells 
were morphologically round and loosely adherent (Fig. 4A). 
Treatment with PMA had little effect on vector control KGla 
morphology. However, similar to the parental KGl line, PMA 
stimulation induced development of tightly adherent cells with 
extended cytoplasmic processes in the PKC-0II-GFP trans- 
fected cells. Although the KGla PKC-a-GFP and PKC-y-GFP 
cells also became adherent with some spindle-shaped cells, 
many of the cells were adherent round cells with very large 
vacuoles that is not a typical DC morphology. 
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Fig. 3. KGla transfection with 
PKC-GFP. A, flow cytometry. Bulk pop- 
ulations of KGla stably transfected with 
neomycin (vector control), PKC-u-GFP, 
PKC-y-GFP, and single cell clones trans- 
fected with PKC-/3II-GFP (E9 and Ell) 
were analyzed for GFP expression by flow 
cytometry. B, confocal microscopy. The in- 
dicated KGla-PKC-GFP transfectants 
were left unstimulated (media) or stimu- 
lated with PMA (phorbol ester) and im- 
aged by confocal microscopy for the GFP 
tag (green). Arrow points to a PKC-(3II- 
GFP-positive subcellular structure. Data 
are representative of three independent 
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Fio. 4. PKC transfection restores 
morphologic changes, proliferation 
arrest, and cell death associated with 
PMA-induced DG differentiation. A, 

morphology. KGla transfectants were left 
unstimulated (medium) or stimulated 
with PMA for 5 days (PMA). Photomicro- 
graphs were taken at X400. B, prolifera- 
tion. 5 X 10 5 of the indicated cells were 
cultured in media or PMA for 5 days, and 
[ 3 H] thymidine incorporation was meas- 
ured for the last 18 h of culture. KGla- 
PKC-it-GFP (KGla-Alpha), KGla-PKC- 
0II-GFP (KGla-BetIT), and KGla-PKC- r - 
GFP (KGla-Gam) are bulk transfectant 
cultures, whereas KGla-PKC-0II-GFP 
clones E9 (Betll E9) and Ell (Bet/7 Ell) 
are single cell clones. Data are presented 
as mean proliferation ± S.D. of triplicate 
wells. Data are representative of three 
independent experiments. C, cell death. 
Cell viability was measured by trypan 

in i 1 

Data are representative of two independ- 
ent experiments. 



Differentiation-induced Cell Proliferation Arrest and 
Death — We have found previously that PMA-induced DC dif- 
ferentiation is associated with arrest of cell proliferation and 
induction of cell death (20-50%) in all the progenitors we have 
examined. Compared with KG1, the proliferation of KGla was 



largely unaffected by PMA treatment (Fig. 473). Although the 
KGla-PKC transfectants have a higher basal rate of prolifer- 
ation than either KG1 or KGla, PKC-GFP transfection re- 
stored the ability of PMA to inhibit cell proliferation down to 
levels equivalent to PMA-treated KG1. Similarly, PMA induced 
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progressively more cell death over time in KG1 but had no 
effect on KGla (Fig. 4C). However, transfection of either PKC- 
n-GFP, PKC-0II-GFP, or PKC-y-GFP restored the ability of 
PMA to induce cell death in the transfected KGla to levels 
equal to or greater than KG1. 

Surface Antigen Immunophtmotype—K&l expressed high 
levels of MHC I and II and low levels of CD86 in media alone 
and up-regulated CD80 and CD83 upon PMA stimulation (27). 
In comparison, unstimulated vector control KGla in media 
h J II 1 1 PMA treatment down-regulated 

this expression without inducing other DC markers (Fig. 5A). 
Most unexpectedly, all three PKC isoform-transfected KGla 
had down-regulated MIIC 1 and up-regulated CD40 and CD86 
n nt di j Id 1 ) eh unlike KG1 none of the unstimu- 
lated transfectants expressed surface MHC II, although it 
could be detected intracellular^ (below). Constitutive expres- 
sion was also seen for CD80 except for the low expressing /3II 
clone Ell and CD83 (except for PKC-y-GFP). These findings 



suggest that some PKC signaling is occurring in the trans- 
fected KGla in the absence of exogenously added PMA. Stim- 
ulation with PMA results in variable up-mtruiatbn of MHC I in 
all the transfectants, MHC II (PKC-y-GFP, PKC-0II-GFP 
COW PK< t-CFP, PK« (.IP and CD83 (PKC-«- 
GFP). Conversely, PMA treatment down-regulated CD80, 
CD86, and CD83 in transfectants that had high level constitu- 
tive expression of these markers. We have found previously 

t.Pr i . n ■ ul ate constit 

of MHC I, MHC II, CD80, and CD86 in DC progenitors (27, 34). 
i I it in , n ) ,. - ait a complex relationship between PKC signal 
strength and expression of these markers, which is also sug- 
gested by the immunophenotypic differences between the PKC- 
/3II high (E9) and low (Ell) expressing clones. 

To determine why there was little MHC 1 and II surface 
expression in the KGla-PKC transfectants, we examined 
whether they were present intracellular^ and could be induced 
by y-interferon stimulation. As seen in Fig. 5B (upper panels), 
KG1, KGla-neo, and KGla-PKC-011 (E9) cells all had low 
constitutive expression of intracellular MHC I and II. y-IFN 
treatment induced expression of both in KG1, whereas there 
v, JS 1 ss Villi I to no ffect (MHC II 11 In 

contrast to the control neo cells, KGla-PKC-011 (E9) regained 
t i l to up-regulat >tl ri » llular MHC I and II in 
response to y-IFN. Although this up-regulation resulted in 
increased MHC I surface expression, there was virtually no 
increase in MHC II surface expression (Fig. 5B, lower panels). 
We have also found that that the addition of TNF-a (as a 
maturation factor) to y-IFN treatment does not alter MHC I or 
II expression compared with y-IFN alone, nor does the addition 
of y-IFN during PMA-induced differentiation alter MHC I or II 
expression compared with y-IFN alone (not shown). These find- 
ings suggest that although y-IFN-inducible MHC II gene ex- 
pression is reconstituted by PKC-0II transfection, MHC II 
transport to the cell surface remains impaired. We have also 
found that compared with KGl, there is low expression of the 
chaperone protein Erp57 (which is involved in peptide loading 
onto MHC I complexes) in KGla that is not increased in KGla- 
PKC-011 cells (data not shown), which may explain the low 
basal levels of MHC I surface expression in these cells. 

Rel B Expression — Immediate/early up-regulation of expres- 
r> ^ r i 1; n tls, * \ iii 
both DC differentiation (61) and function (62). It is the induc- 
ible nature of Rel B tint npm t in I ► 
constitutive expression of Rel family members will actually 
inhibit DC differentiation (63). Although KGl have low levels 
of Rel B that was rapidly induced following PKC activation, 
KGla had higher levels of constitutive expression that was not 
inducible (Fig. 6A). Transfection of PKC-«, -011, or -y down- 
regulated Rel B expression in unstimulated cells, which was 
then inducible by PMA stimulation. The restoration of a KG1- 
like pattern of inducible Rel B protein expression was also 
reflected in the regulation of nuclear Rel B capable of binding 
NFkB DNA motifs as detected by EMSA (Fig. 6B). Most sur- 
prisingly, the total NFkB DNA binding activity was down- 
regulated in the unstimulated KGla-PKC-011 and was induci- 
ble by PMA, suggesting a common mechanism of NFkB 
regulation that is not specific for Rel B. 

T Cell Proliferation — Functionally, restoration of the ability 
of KGla to undergo DC diffeimti it I ti m ' ted I KC 
isoforms should be reflected in the re-acquisition of T cell 

t null tm npniU V- -tin n Fi "If ' > in lilt 

entiated KGl, KGla, or KGla transfectants did not induce 
allogeneic T cell proliferation. The fact that the undifferenti- 
ated PKC-0II E9 clone expresses MHC I, MHC II (slight), 
CD40, CD80, and CD86 and yet still did not elicit T cell prolif- 
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3. Rel B expressiox 

id the KGla transf. 
ted with PMA a 



dated, and equal 
amounts were analyzed for Rel B by West- 
ern blots. Arrow points to the specific 
band for Eel B. Results are representative 
of three independent experiments. B, 
EMSA. KG1 and the KGla transfectants 
were stimulated with PMA as indicated; 
protein lysates were isolated, and equal 
amounts were analyzed for binding to la- 
beled DNA probes containing the consen- 
sus NFKB-binding site. Arrow points to 
the complexes supershifted by an anti-Rel 
B antibody. Data are representative of 
two independent experiments. 
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eration suggests factors other than antigen presentation recep- 
tors and co-stimulatory ligands are necessary to elicit T cell 
activation. KG1 differentiated with PMA, and more so with 
addition of the maturation signal TNF-a, can stimulate T cell 
proliferation. By comparison, PMA + TNF-a-treated KGla, 
KGla vector control, and KGla-GFP do not acquire allostimu- 
latory capacity. These controls also demonstrate that PMA 
carryover from the differentiation cultures does not account for 
the T cell proliferation seen in the co-cultures. In contrast, 
PMA-induced differentiation of all three PKC-transfected 
KGla resulted in the ability to drive significant T cell prolifer- 
ation. This was significantly greater than undifferentiated 
monocytes (Fig. 7A, right panel, using the same donor T cells), 
and was equivalent to monocyte-derived DC. 

We next assessed whether the degree of PKC-0II expression 
affects the ability to induce allo-T cell proliferation. As seen in 
Fig. 73, the high expressing 011 E9 clone consistently induced 
greater T cell activation than the low expressing Ell clone, 
implying that the strength of the PKC signal may affect the 
immunogenicity of the resulting DC. Altogether, these data 
demonstrate that transfection with PKC-a-GFP, PKC-0II- 
GFP, or PKC-7-GFP can reconstitute the ability of KGla to 
undergo DC lineage commitment as seen for KG1. 

PKC Induction of Endogenous PKC Isoform Expression— 
Because we have consistently observed activation of PKC-0II and 
not other cPKC isoforms during DC differentiation, we were 
surprised by the ability of the a and y isoforms to also restore 
aspects of DC differentiation in the KGla cells. We sought to 
understand the underlying mechanism by first comparing the 
relative levels of endogenous PKC versus PKC-GFP expression in 
the transfected KGla. Because of the GFP tag, we can distin- 
guish transfected PKC from endogenous PKC by molecular 
weight on Western blots. Most unexpectedly, we found relatively 
low levels of transfected PKC-GFP protein expression (Fig. 8A). 
Except for the high expressing PKC-0II-GFP clone E9, the trans- 
fected PKC-GFP proteins were only detectable upon long expo- 
sures. Remarkable, however, was the up-regulation of all the 
endogenous cPKCs in each of the KGla transfectants. This is 
most marked for PKC-0II and demonstrates that although un- 
transfected KGla did not express much PKC-0II, the ability to 
up-regulate this expression was still intact. These findings sug- 



III (E9) KGIa-PKC-y 

gested that the transfected PKC-GFPs were not up-regulating 
PKC activity by their own overexpression but rather by inducing 
endogenous PKC expression. This would also explain why PKC-a 
or -y transfection can restore the ability of KGla to differentiate 
to DC, namely via up-regulation of endogenous PKC-pII. 

How do the transfected PKC-GFPs induce endogenous PKC- 
011 expression? Because PKC-0I and -011 are alternatively 
spliced variants from the PKC-0 gene that can be generated in a 
regulated fashion (64), we first examined if increased PKC-0II 
expression was because of a switch of splicing from (31 to (ill. 
KGla expressed very little PKC-0I to begin with (Fig. 83), mak- 
ing it unlikely that changes in splicing account for die increased 
fill expression. The fact that both PKC-0I and -011 protein were 
induced in the PKC-transfected KGla suggests that expression 
of the PKC-0 gene is up-regulated. Consistent with this, PKC-0 
mRNA expression was significantly up-regulated in the KGla 
transfectants (Fig. 80. Because PKC enzymes are degraded fol- 
lowing activation (65), we determine whether the induced endog- 
enous PKC-0II could be activated by following protein levels 
during PMA treatment. As seen in Fig. 80, PKC-0II was de- 
graded during PMA stimulation in KG1, KGla, and all the PKC- 
transfected KGla. This indicates that the induced endogenous 
PKC-0II can be activated and is likely to be signaling. Together, 
our data indicate that the transfected PKC-GFP are up-regulat- 
ing endogenous PKC isoform gene expression (in particular PKC- 
011), and this confers on KGla the ability to undergo DC lineage 
commitment. These findings also suggest that regulation of PKC- 
011 expression may in turn regulate the ability of progenitors to 
undergo DC differentiation. 

Autoregulation of PKC Promoter Activity— The ability of the 
transfected PKC-GFP to up-regulate endogenous PKC-0II 
mRNA expression suggested that this is happening at the 
transcriptional or post-transcriptional {e.g. mRNA stabiliza- 
tion) level. Previous studies have demonstrated a phorbol es- 
ter-inducible site in the PKC-0 promoter (66, 67), suggesting 
that PKC activity may positively autoregulate its own gene 
expression. The relationship of the enzyme activation constant, 
K ucl = (active enzyme)/(inactive enzyme), predicts that under 
steady state conditions, an increase in the total concentration 
of PKC enzyme (by transfection or induction of endogenous 
expression) will result in an increase in the number of activated 
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PKC molecules. We first measured total PKC kinase activity 
under steady state conditions. As seen in Fig. 9A, unstimulated 
KG1 had more kinase activity than KGla or KGla-neo, 
whereas KGla-jSII (E9) had significantly more than both. To 
determine whether this increased PKC kinase activity resulted 
in increased PKC-j3 promoter activity, we cloned a 1.2-kb frag- 
ment of the human PKC promoter containing the previously 
reported PMA-inducible site (-11 to +43 (66)) into a luciferase 
reporter construct (pPKC-Forward). There was significantly 
higher luciferase activity when pPKC-Forward (but not the 
reverse orientation and empty vector negative controls) was 
transfected into E9 compared with the KGla-neo control trans- 
fectants, demonstrating a 5-fold increase in promoter activity 
under unstimulated conditions (Fig. 95). Finally, if an increase 



in constitutive PKC activity is inducing PKC-0 expression, 
inhibition of this kinn.<=« activity would result in decreased 
expression. Consistent with this, unstimulated PKC-tfll iE9) 
transfbetants cultured with the PKC inhibitor Iris I undergo a 
loss of both PKC-/3II protein and rnRNA expression (Fig. 9C). 
Together, these data indicate that constitutive PKC kinase 
activity can positively autoregulate PKC-0 gene expression by 
PKC-responsive elements in the promoter. 

DISCUSSION 

Our findings support a model where quantitative and qualita- 
tive PKC-0II activation is a key component of the signal trans- 
duction pathways that induce DC differentiation and that regu- 
lation of this activation is in part through regulation of PKC-0 
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protein lysate from the unstimulated cells indicated were analyzed for PKC isoform expression by Western blot. Arrows point to the largci 
transfected PKC-GFP and (smaller) endogenous PKC bands bli t i i !i i I i n tibudie at a loading control. B PKi •' ' 

-(311 expression. Protein lysates were analyzed as above using antibodies specific for PKC-0I or -(311. C, mRNA expression. Total mRNA was isolated 
from the indicated (unstimulated) cells, equalized by serial dilution (top panel, Total UNA), and analyzed by Northern blot for PKC-/3II [ 
(using a PKC-/3II-specific probe) and glyceraldehyde-3-phosphat i h> ir > jen i«e GAPDH) (as a loading control). D, degradation of PKC-/3II 
following PMA activation. The indicated cells were cultured in PMA for the times indicated; protein lysates were made and equal amounts were 
analyzed for PKC-(3II expression by Western blot. All results are representative of two independent experiments. 

gene expression. Specifically, these data indicate the following. 1) PKC isoforms, PKC-/3II is the most centrally involved in DC 
PKC is a critical downstream signaling component of cytokine- differentiation. 3) Different aspects of DC differentiation are in- 
induced monocyte-* DC differentiation, consistent with our pre- duced by differing degrees of PKC signal strength. 4) PKC signal 
vious findings in CD34 + HPC-f DC differentiation (27). 2) Of the strength is regulated (at least in part) by PKC-/3 gene expression, 
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which involves a positive autoregulatory feedback loop. 

The ability of the PKC inhibitor bisindolylmaleimide I to 
inhibit cytokine-driven monocyte (or CD34" HPC) progenitor 
to DC differentiation indicates that PKC is a downstream com- 
ponent of these signaling pathways. It is not yet clear which 
cytokine receptor is triggering PKC activation, as these recep- 
tors typically signal via Janus tyrosine kinase/signal transduc- 
ers and activators of transcription and TRAFs, whereas PKC 
has been best characterized to be activated by G-coupled pro- 
teins and phospholipase C. However, the PKC adapter protein 
RACK-1 associates constitutively with the common (3 chain of 
the GM-CSF/IL-3/IL-5 receptor, and PKC-/3II rapidly associ- 
ates with this complex upon receptor activation (28). 

Involvement of PKC-/3II in GM-CSF receptor signaling is 
consistent with our observation that this isoform is activated in 
CD34"" HPC by GM-CSF + TNF-a stimulation, and appears to 



be the cPKC isoform that is predominantly activated by PMA 
in three different DC progenitors. PKC-/3II has also been im- 
plicated previously in myeloid differentiation (40), and our 
findings demonstrate a correlation between PKC^II expres- 
sion and the ability to undergo DC differentiation in KG1 and 
KGla. The rapid activation of PKC-/3II indicates that it is 
involved in the primary signaling rather than a later secondary 
response. Together, these data suggest that DC differentiation 
is specifically signaled through PKC-/3H. However, we could 
not rule out the involvement of low level activation of the other 
cPKCs, activation of novel nPKC, and/or atypical PKC iso- 
forms, and the formal possibility that PMA is acting through a 
non-kinase phorbol ester receptor (68) and that PKC-(3II acti- 
vation is an epiphenomenon. 

To address these possibilities, we asked the seemingly 
straightforward question whether reconstitution of specific 
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PKC isoform expression would reconstitute the ability of KGla 
to undergo DC differentiation, providing strong evidence for a 
central role for that isoenzyme. The inability of KGla to un- 
drrgo ui'Tereist-atHin '.57* has been attributec! ti. lower ,>xi>res- 

mi. ,f PKC olbrim ictivrry 37 Confocal studies of the 
KGla-PKC-GFP transfectants demonstrated that only PKC- 
0H-GFP was clearly activated by PMA, consistent with what 
i i i geuous cPKC Most surprisingly, however, 

1 PI i ns could reconstitute the ability of 

KGla b urn o D( liffi i iati a is assessed by inhibition 
of cell proliferation and induction of cell death, costimulatory 
ligand expression, re-establishment of inducible Rel B expres- 
sion, and acquisition of alios timulatory capability. Although 
PKC-GFP transfection did not restore the high level MHC II 
surface expression seen on KG1, it did restore y-interferon 
induciliility a.- wn by intracellular staining. These findings 

up i tli it although some aspects of MHC II expression are 
regulated by PKC signaling, transport/processing for surface 
expression is not. The transfoeted KGla also down-regulated 
constitutive MHC I expression, which is likely due to the in- 
creased constitutive PK( ' activity in these cells (and is consist- 
ent with the observation that PMA-induced PKC activation 
down-regulates MHC I (e.g. Fig. 4C)). 

The unexpected the expression of CD40, CD80, CD86, and 
CD83 n '! nstimulated KGla-PKC-GFP transfectants is 
also likely due to increased constitutive PKC activity that is 
ill i i i i ' i i 

i ph i i ' 1 i 1 i ' i i , 

in Langerhans cell histiocytosis (69). It is unclear whether the 
variation in surface marker expression between the PKC-ct, 
-011, ano -y transits tants is due to qualitative and/or quanti- 
tative differences between the clones. However, the difference 
in MHC I, MHC II, CD40, and CD80 expression between the 
low (Ell) and high (E9) expresser of PKC-0II suggests that the 
degree of PKC signal strength plays a defining role in deter- 
mining which DC characteristics are manifested. This is sup- 
ported by the observation that even though unstimulated 
KGla-PKC-GFP expresses MHC and costimulatory ligands, 
they are still unable to activated T cells unless PKC is fully 
activated by an es e I i i 1 thei e is no direct 

correlation between MHC/costimulatory ligand expression and 

i i l € ' 1 I till m , <l 

i to phei i -i ther myt 1 ' i en 

itors (15, 70). Recently, Benvenuti et al. (60) have reported that 
i i > ln\e the same degree of 

MHC/costimulatory ligand expression as WT DC, they are far 
less capable of priming naive T cells. This appears to be m part 
due to the inability of these knockout DC to form the DC 
membrane extensions that physically interact with the T cell. 
Similarly, we believe that factors responsive to PKC signaling 
are involved in these initial physical/adhesive interactions and 
may be playing an important role in the immunogenicity of the 
PKC transfectants. 

Varying degrees of PKC signaling is also supported by the 
confocal microscopy studies, where significant translocation of 
activated PKC-j3II-GFP in the KGla transfectants is only seen 
after PMA treatment. Further evidence for a differential effect 
of PKC signal strength is seen in the regu! it t h 1 B 

i i ' it), nnal run-off 

studies 2 suggest that the absence of PKC-0II activity (KGla) 
results in constitutive/non-inducible Rel B expression; interme- 
diate activity (unstimulated KG1 and KGla-PKC-GFP) sup- 
presses expression, and high PKC activity (PMA-stimulated 
KG1, KGla-PKC-GFP) induces Rel B expression. Most inter- 
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estingly, our EMSA studies suggest that the other NFkB fam- 
ilies are similarly regulated. These data support a model where 
a continuous gradi nt et PKC e i ei huts different as- 
pects of DC differentiation and is similar to a model of differ- 
ential lineage commitment based on the degree of PKC activa- 
tion in other myeloid lineages (43). Although PKC signal 
strength has not been examined previously in DC differentia- 
tion, it has been shown that different degrees of CD40 signaling 
(which activates downstream PKC signaling in other cells (29, 
30) i huts difii t'n ill i bilit dim 

secretion (71). 

The tight association between PKC expression level and 
signaling act, vit% p i Kh lt\ , i i i -tate K M relation- 
ship such that the increase in total PKC concentration in the 
KGla transfectants results in an increase in the number of 
active PKC molecules. The ability of PKC expression levels to 
affect significantly PKC signaling is underscored by observa- 
tions in a wide range of other cell types; the levels of mature 
enzyme are tightly regulated during development, and even 
modest changes in these levels can result in significant biolog- 

t I i' i < I i 

pathways may work by regulating PKC expression, such as the 
ability of vitamin D s to drive HL-60 differentiation via up- 
regulation of PKC-0 expression (72). 

Although PKC protein expression and function has been 
shown to be tightly regulated by many post-transcription and 
post-translational mechanisms (65), regulation of PKC gene 
expression is largely uncharacterized. We have found that all 
three of the transfeeted vPKCs increase PKC expression, not 
th ou h overexpn n i ti 1 cDNA iv Mi h i ; low 

for all the clones except (3II-E9) but rather this. ui -a i it n t 
induction of endogenous PKC-0II gene expression. Our pro- 
moter and PKC inhibitor stud e- i i ■ i t: it the underlying 
mechanism involves a positive autoreguiatory loop where in- 
creased constitutive PKC signaling activates a phorbol ester- 
inducible element in the PKC-ft promoter, which has been 
reported to uj_ i ul it! gent xpressioi 1 t'Gf 67 i) 

We also see evidence that PKC-a and PKC-y expression is 
similarly auto-induced (although to a much lesser extent than 
PKC-/3II), and phorbol ester-inducible elements have also been 
described in the promoters of these genes 67,74 ti not 
r I ict 44) 1 

reported the same mechanism of autoregulation of steady state 
PKC-0 gene expression m colonic epithelial tells, involving 
up-regulation of the PKC-0 promoter by activated PKC and 
nt )g n cti ited pi t( in kin it irellu! rial i i 

lated kinase kinase-dependent signaling. Thus PKC autoregu- 
lation of its own expression may be a general characteristic of 
the cPKC isoforms in a variety of cell types. 

Because of this interrelationship, however, we cannot defin- 
itively say that PKC-0II is the only cPKC involved in DC 
differentiation, given that endogenous a and y are also up- 
regulated in the KGla transfectants. However, there is reason- 
ably strong evidence that PKC-/3II is playing the major role. It 
is the only isoform that is consistently activated during DC 
differentiation in a number of different t i >n t i fi Is only 
cPKC that has significantly different expression in KG1 versus 
KGla. Differences in PKC-0II levels (e.g. E9 versus Ell, which 
do not differ substantially in PKC-a or -y expression) correlate 
with differences in DC surface markers. It would not, however, 
be surprising if there was some degree of functional redun- 
dancy between the cPKC isoforms. 

Finally, the ability of KGla to stably express endogenous 
PKC-j8II through auto-induction raises the question how they 
lost this expression in the first place. One possibility is that the 
PKC-0 promoter is al n gains > ulatri u n t 
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